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,. ; J i  a 
- - _ _  M = t h r u s t  misalignment t o r q u e  

d- dt = t o t a l  d e r i v a t i v e  

dt = d e r i v a t i v e  w i t h  r e s p e c t  t o  r o t a t i n g  

. !  ,. . 

c o o r d i n a t e  system 
I 

a 
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L> 1.1. c 0 = angu la r  v e l o c i t y  v e c t o r  
. - 

A 

H = angu la r  momentum v e c t o r  

I,= p i t c h  moment of i n e r t i a  

I R =  r o l l  (or  s p i n )  moment of i n e r t i a  

1-2-3 c o o r d i n a t e s  - body f i x e d  system w i t h  

t h e  3-axis  be ing  t h e  s p i n  a x i s .  

:L.; " _  ~ 
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Coning (o r  t o rque - f r ee  p recess ion )  of s p i n  s t a b i l i z e d  

s , ~ a c e c r a f t ,  commencing alJrilpt:!y a t  l a s t  s t a g e  burnout  h a s  

i - e q u e n t l y  been observed and o f t e n  a t t r i b u t e d  t o  a mys te r ious  

I "5urnout  impulse."  I t  w i l l  be shown here how t h r u s t  

misal ignment ,  p r e s e n t  throughout t h e  burn,  may be t h e  r e a l  
* t ,  
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Thomsonl p r e s e n t s  equa t ions  of  motion f o r  a s p i n n i n g  rocket 

w h i c h  i n c l u d e  t h e  e f f e c t s  of j e t  damping and i n e r t i a  changes. 

For a symmetric r o c k e t  and a pure ly  t r a n s v e r s e  t h r u s t  misal ign-  

ment t o r q u e  whose d i r e c t i o n  d e f i n e s  t h e  body 1-axis ,  t h e s e  a r e  

of t h e  form: 

I 

I 

When app ly ing  these equa t ions  t o  p r a c t i c a l  c a s e s  of s p i n  
2 s t a b i l i z e d  l a s t  s t a g e  f i r i n g s  o( is p o s i t i v e  , and quas i - s teady  

s t a t e  behavior  is found. U3 i n c r e a s e s  o r  d e c r e a s e s  s l i g h t l y  

d u r i n g  t h e  burn,  depending on t h e  s i g n  of /3 , b u t  is n e a r l y  a 

c o n s t a n t  of t h e  motion, and a f t e r  i n i t i a l  t r a n s i e n t  

~scillztionc~ W ;  and W, se t t l e  down t o  n e a r l y  c o n s t a n t  v a l u e s .  

T h u s  t h e  system angu la r  v e l o c i t y  v e c t o r  i n  t h e  r o t a t i n g  frame 

i:.~co:?,es e s s e n t i a l l y  c o n s t a n t ,  and i t  fo l lows  t h a t  i t  is a l s o  

i ised i n e r t i a l l y  s i n c e ,  u s ing  SymOn's3 n o t a t i o n ,  A 
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Now, f o r  a symmetric body, t h e  3-ax is ,  0 , and /-f are 

where W, and Cd,are 

c a l c u l a t e d  from e q u a t i o n s  (1) and (2) w i t h  W , =  W, = 0. 
. 

I 

!;.x$?\' , P. w' 
' r \LGA Looking now down the,vector,  one would see t h e  tips of 

t h e  s p i n  a x i s  and t h e  momentum vec to r  moving i n  circles whose 

I-aci i i  might be r e p r e s e n t e d  by 8, and (8,-8,)respectively a s  shown 

i n  F i g u r e  1. 

Now i f  Ip>>IR , which 2 s  o f t e n  t h e  c a s e ,  8 ,  is much - k4 I 
, < I  i. *\ 

smller t h a n  @,so t h e  s p i n  a x i s  motion d u r i n g  t h e  burn  is 

q u i t e  l i m i t e d .  

space  and to rque - f r ee  p r e c e s s i o n  of  t h e  s p i n  about  i t  beg ins  

(see F i g u r e  2) .  

A t  burnout4 however,  t h e  momentum v e c t o r  stops in 

T h i s  is t h e  coning which could be e r roneous ly  a t t r i b u t e d  

t c ~  3 "burnout impulse." I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h r u s t  
'6 

m i  s a l i g n m e i i t  can change t h e  f i n a l  s p a c e c r a f t  a t t i t u d e  

s i g n i f i c a n t l y  w h i l e  l e a v j n g  rocket performance very  n e a r l y  nominal. 
* 
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''The construction presented assumes instantaneous burnout. A 
finite thrust decay results in a decrease of the cone angle. 
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